Background: Breast cancer incidence is higher in U.S.-born Hispanic women than foreign-born Hispanics, but no studies have examined how these rates have changed over time. To better inform cancer control efforts, we examined incidence trends by nativity and incidence patterns by neighborhood socioeconomic status (SES) and Hispanic enclave (neighborhoods with high proportions of Hispanics or Hispanic immigrants).
Introduction
Hispanics or Latinos are the fastest growing and largest minority population in the United States (U.S.) (1) . They are composed of a diverse population from many countries (Mexico, Dominican Republic, Puerto Rico, Cuba, Costa Rica, Guatemala, Honduras, Nicaragua, Panama, El Salvador, Argentina, Bolivia, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay, and Venezuela) with 40% being foreign-born, according to the 2000 Census (2) . Breast cancer is the most commonly diagnosed cancer and the leading cause of cancer death in Hispanic women, as in non-Hispanic white women in the U.S. (3). Although incidence rates of invasive breast cancer are lower in Hispanic than non-Hispanic white women (88.3 per 100,000 versus 134.0 per 100,000 personyears; ref. 4) , rates in Hispanics were previously found to increase more rapidly over time [1969-1987 (5) , 1992-2000 (6) ] than rates in non-Hispanic white women.
Breast cancer incidence in U.S.-born Hispanics is higher than that in foreign-born Hispanics living in the United States (7) (8) (9) or Hispanics living in Latin America (10, 11) . These differences in breast cancer risk after migration to the U.S. may relate to changes in lifestyle factors such as diet and physical activity, and reproduction (12) . In a case-control study conducted in the San Francisco Bay Area, foreign-born Hispanics had a 50% lower risk of breast cancer than U.S.-born Hispanics and lower prevalence of breast cancer risk factors, but their risk increased with length of residence in the U.S., younger age at migration, and increasing level of acculturation (as measured by migration patterns and language usage; ref. 13) . Differences in the risk of breast cancer among U.S. Hispanics by nativity were attenuated after adjustment for breast cancer risk factors among premenopausal women, but remained significantly higher among U.S.-born postmenopausal women (13) .
Neighborhood factors have been increasingly recognized to influence its residents' diet, physical activity, and obesity levels (14) (15) (16) (17) (18) , all documented risk factors for breast cancer. Although most studies have focused on neighborhood socioeconomic status (SES), with higher neighborhood SES associated with higher breast cancer incidence among Hispanics (19, 20) , recent studies showed that, in Hispanics, living in a census tract with more immigrants was associated with lower consumption of high-fat foods and lower physical activity (14) , and living in a census tract with more Hispanics was associated with a higher body mass index (16) . No studies, to our knowledge, have investigated the independent effects of ethnic enclaves (neighborhoods with high proportions of Hispanics or Hispanic immigrants) and neighborhood SES on breast cancer incidence patterns.
To better inform cancer control efforts for the large and growing California Hispanic population, we examined (a) breast cancer incidence trends over time by nativity (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , (b) breast cancer incidence patterns by neighborhood SES and Hispanic enclave (1998) (1999) (2000) (2001) (2002) , and (c) prevalence of breast cancer risk factors and measures of health care access from the Hispanic population in California to ecologically inform the observed patterns. Such an analysis has not been conducted, in part, due to missing data about birthplace for a sizable proportion (∼25%) of Hispanic cancer cases in cancer registry data (21, 22) . Therefore, through statistical imputation of nativity for cancer cases with missing birthplace, and robust demographic methods to compute corresponding population estimates, we estimated invasive breast cancer incidence rates for California Hispanic women by nativity.
Materials and Methods
Cancer cases. From the California Cancer Registry, we obtained information about all female California residents diagnosed with a first primary invasive breast cancer (International Classification of Disease for Oncology, 3rd Edition, site codes C50.0-50.9) during the period January 1, 1988 through December 31, 2004 . For each breast cancer case, we obtained registry information routinely abstracted from the medical record on age at diagnosis, sex, race/ ethnicity, birthplace, stage at diagnosis (summarized as localized, regional, advanced, or unknown), and address of residence at the time of diagnosis, which in turn was geocoded by the California Cancer Registry. Registry patient race/ethnicity and birthplace are collected primarily through self-report, by assumption of hospital personnel, or from inference through use of other information including race/ethnicity of parents, maiden name, surname, and birthplace, and from death records (22, 23) . The North American Association of Central Cancer Registries Hispanic Identification Algorithm (NHIA) was used to improve classification of Hispanic ethnicity, which is based on surname, maiden names, and/or birthplace (24) . For this study, 35,134 cases of NHIA-augmented Hispanic ethnicity, regardless of race, were identified. To classify nativity (U.S.-or foreign-born) of Hispanics, we used methods, published previously for Asians (25) , involving two sources of birthplace information: (a) cancer registry-based data from medical records and/or death certificates [available for 70.4% (n = 24,744) of cases: 92.4% from hospital medical records and 7.6% from death certificates] and (b) statistical imputation of nativity using the first five digits of the patient's Social Security number (SSN) for those who had unknown birthplace (n = 9,539, 27.2% of patients). Based on the first five digits of SSNs, which are linked to the state and year of issuance (26, 27) , we imputed nativity as follows: We considered cases who received their SSN before age 21 years as U.S.-born, and those who received their SSN at age ≥21 years as foreign-born. This age cut point was determined from comparison with self-reported nativity in a series of previously interviewed Hispanic cancer cases (n = 1,277; ref. 21 ) and maximization of predictive value and minimization of misclassification based on receiver operating characteristic curves. There were 851 cases (2.4%) with missing or invalid SSNs, and they were assigned a nativity based on the age nativity distribution of the overall sample.
Neighborhood SES and Hispanic enclave. We assigned a neighborhood measure of SES for the 96% of cases whose residential address at diagnosis could be accurately geocoded to a census tract. Cases that could not be precisely geocoded to a census tract were randomly assigned to a census tract within their county of residence. The measure assigned is a previously described index that incorporates 2000 Census data on education, income, occupation, and housing costs, and has previously been associated with breast cancer incidence (19) . Each breast cancer patient was assigned a neighborhood SES quintile based on the distribution of SES across census tracts in California. Because cancer registries do not collect individual-level information on patient SES, we could not assess multilevel effects of SES. To each breast cancer case, we also assigned a neighborhood Hispanic enclave index that was based on 2000 Census variables (% linguistically isolated, % linguistically isolated who speak Spanish, % speaking limited English, % speaking limited English who spoke Spanish, % of recent immigrants, % Hispanic, and % foreign-born) and derived using principal components analysis across block groups. This composite index explained 68% of the variability in the data. Block group values were averaged across census tracts.
General population data. From the 1990 and 2000 Census Summary File 3, we obtained population counts by sex, race/ethnicity, nativity, and 5-year age group for the state of California. Data from the 20% Integrated Public-Use (29) was used to compute age-adjusted incidence rates (standardized to the 2000 U.S. standard million population) and 95% confidence intervals (CI) for invasive breast cancer. We calculated incidence rate ratios comparing rates between U.S.-and foreign-born Hispanics. Joinpoint Regression software (30) was used to calculate the annual percent changes (APC) during the period 1988 and 2004. We calculated APCs by fitting a series of least squares regression lines to the natural logarithm of the age-adjusted incidence rates using calendar year as a regression variable (30) .
Age-adjusted prevalence estimates of selected breast cancer risk factors and health care access characteristics among Hispanic women in California by nativity were obtained from the 2001 and 2003 California Health Interview Surveys (CHIS) using the internet-based AskCHIS application. CHIS is a telephone survey of a geographically stratified sample, identified through random digit dialing that oversampled underrepresented geographic areas and racial/ethnic groups. The 2001 CHIS sample, which included >55,000 households and was conducted in multiple languages, including Spanish, represents the geographic and racial/ethnic diversity of California. For households that completed a screening interview (59.2% of the sample), the response rate for the adult 2001 interview across the state was 63.7%, for an overall response rate of 37.7% (31) . CHIS prevalence estimates are weighted to the California Department of Finance estimates of the number of residents in each California county by age, race, and sex and the 2000 Census of Population counts from the U.S. Census Bureau.
This project was approved by the institutional review board of the Northern California Cancer Center.
Results
Foreign-born Hispanic women accounted for nearly half of the 35,134 Hispanic women diagnosed with invasive breast cancer in California from 1988 to 2004 (Table 1) . They were more likely to be diagnosed with regional/distant disease and larger tumors (≥2 cm), and a higher proportion had unknown estrogen receptor (ER) status than U.S.-born Hispanics.
Over the period 1988 to 2004, non-Hispanic white women had incidence rates of invasive breast cancer that were 34% higher than U.S.-born Hispanics and 84% higher than foreign-born Hispanics (Table 2 ; Fig. 1 ). Overall, incidence rates were 38% higher in U.S.-born than foreign-born Hispanic women, with a larger difference found for localized disease (45% higher) than for regional/distant disease (29% higher). The incidence rate of localized disease was 41% higher in U.S.-born Hispanics and 24% higher in foreign-born Hispanics than rates of regional/distant disease.
Yearly incidence trends were stable in Hispanic women <50 years of age, with the lowest rates found in foreignborn Hispanics and slightly higher but similar rates in U.S.-born Hispanics and non-Hispanic whites (Fig. 2) . In U.S.-born Hispanics ≥50 years of age, rates increased by 0.9% from 1988 to 2002 and were stable thereafter (2002) (2003) (2004) . In foreign-born Hispanics, rates either decreased (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) or were stable (1995-1998) before decreasing by 2.0% from 1998 to 2004. To determine whether incidence trends were correlated with changes in the population-level prevalence of menopausal hormone therapy (HT) use, we limited analyses to women 50 to 74 years of age with Stage-specific incidence rates (1998-2002) by neighborhood SES and Hispanic enclave are shown in Table 3 . Incidence rates increased with each quintile increase in neighborhood SES and decrease in Hispanic enclave, with more pronounced differences found for localized compared with regional/distant stage disease. Rates in the highest versus lowest SES quintile and in the lowest versus highest Hispanic enclave quintile were 222% and 202% higher, respectively, for localized disease and 44% and 41% higher, respectively, for regional/distant disease. When both neighborhood SES and Hispanic enclave were considered together, Hispanic women in high-SES, low-enclave neighborhoods had 56% higher rates than women in low-SES, high-enclave neighborhoods; for localized disease and regional/distant disease, rates were 75% and 34% higher, respectively. Living in a Hispanic enclave seemed to be a more important predictor of breast cancer incidence rates than neighborhood SES, as incidence rate differences were larger moving from low to high Hispanic enclave neighborhoods than when moving from low to high SES neighborhoods, when holding the other variable constant.
Population data from the 2001 CHIS (Table 4) 
Discussion
Over the 17-year study period from 1988 to 2004, incidence rates of invasive breast cancer were 38% higher for U.S.-born Hispanic than foreign-born Hispanic women, with elevations more pronounced for localized than regional/distant stage disease. The greater incidence differential between U.S.-and foreign-born Hispanics for localized disease may reflect higher mammography screening rates (33) or higher levels of having a usual source of medical care among U.S.-born Hispanics compared with foreign-born Hispanics (34), consistent with CHIS population data. This is the first study, to our knowledge, to describe trends in breast cancer incidence over time in U.S.-and foreign-born Hispanic women, as prior reports (7-9) examined incidence rates by nativity over a single time period. The trend analyses showed that, whereas differences in incidence between non-Hispanic whites and U.S.-and foreign-born Hispanics were consistent over the 17-year period, the differences were considerably more pronounced in women >50 years of age, primarily postmenopausal women. In fact, among younger women, rates in U.S.-born Hispanics were similar to those in non-Hispanic whites. As we have observed in U.S.-born Asian women (25), age-specific incidence rates did not increase as rapidly in Hispanic women, regardless of nativity, as they did in non-Hispanic whites. In women >50 years of age, the rates of invasive breast cancer decreased significantly after 1998 in foreign-born Hispanics and nonsignificantly after 2002 in U.S.-born Hispanics. However, we did not observe decreases in the incidence of ER-positive breast cancer in U.S.-or foreign-born Hispanics after 2002, as seen in non-Hispanic whites (32) , although the use of combined estrogen and progestin HT decreased by 48% in U.S.-born Hispanics and 40% in foreign-born Hispanics from 2001 to 2003, possibly due to the lower use of HT in Hispanics.
Incidence differences by nativity may be due to differences in population distributions of breast cancer risk factors, as we found that U.S.-born Hispanic women have a higher prevalence of certain risk factors, including advanced education, lower body mass index among women <50 years, nulliparity, late age at first birth, early menarche, alcohol consumption, and use of estrogen/ progestin-containing HT for menopausal symptoms, compared with foreign-born Hispanics. Other breast cancer risk factors, including physical inactivity and obesity in women ≥50 years, were less common in U.S.-born Hispanics and are therefore unlikely to have contributed to the higher incidence rates of breast cancer in this group.
We also found that both living in a higher SES neighborhood and Hispanic enclave were important predictors of invasive breast cancer incidence rates in Hispanic women in California. Although the two measures were highly correlated, neighborhood SES and living in a Hispanic enclave were independently associated with breast cancer incidence, with Hispanic enclave having a somewhat stronger association with breast cancer incidence than neighborhood SES. Our findings are consistent with a study using Surveillance, Epidemiology and End Results cancer registry data that found higher breast cancer incidence (1988) (1989) (1990) (1991) (1992) in Hispanic women living in U.S. Census tracts with fewer Hispanics and higher incomes (35) . Our neighborhood measures likely capture both individual and neighborhood components of SES and acculturation; however, as cancer registries do not collect individual-level data on education or other measures of SES, we could not distinguish between the individual and neighborhood effects. Case-control studies have shown that women living in high SES neighborhoods had an increased risk of developing breast cancer above and beyond their individual SES (36) . Neighborhood SES may influence health through characteristics of the social (e.g., crime, social support, and attitudes toward health), physical (e.g., pollution), and built (e.g., availability of health services and healthy food and recreation) environments of the neighborhood (37) .
Living in a Hispanic enclave may be an indicator of low acculturation to the U.S., as Hispanic immigrants have been found to initially reside in segregated enclaves and, over time, intermingle with people of other race/ ethnicities in the host country (38, 39) . Residence in enclaves may also be an indicator of resource availability and/or social support. Immigrants living in enclaves may be more likely to maintain the advantageous health behaviors, such as a healthier diet (14, 17) , if ethnic food sources or other resources, such as services in their native language, are more readily available. One study found that Mexican-Americans living in Census tracts with higher percentages of Mexican-Americans consumed more traditional foods (e.g., corn, tomatoes, and legumes) and less of certain foods (e.g., some fruits and broccoli) than their counterparts living in less concentrated tracts (40) . There also may be fewer barriers in accessing medical care in areas with a high percentage of Hispanics (41) . Indeed, one study found that MexicanAmerican immigrants living in areas with more Spanish speakers or Hispanic immigrants had better access to health care; however, this association was not seen for U.S.-born Mexican-Americans living in these areas (42) . On the other hand, Hispanic enclaves may be more likely to lack access to quality food and grocery stores (18) , quality medical care (43) , or a safe and walkable environment that promotes physical activity (14, 44) . Our study lacked the population estimates for computing rates that account for both nativity and ethnic enclave, limiting our ability to differentiate these effects. Future research should differentiate the individual-and neighborhood-level effects, particularly the aspects of ethnic enclaves that positively or negatively affect breast cancer risk.
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Cancer Epidemiol Biomarkers Prev; 19(5) May 2010 www.aacrjournals.org High acculturation to the United States, as typically measured by duration of residence in the United States and English language usage, has been found to be associated with a higher breast cancer risk in Hispanic women (13) . Similarly, higher neighborhood SES has been associated with a higher incidence of breast cancer among Hispanics (19, 20) . Both high acculturation and high SES are correlated with certain lifestyle and reproductive risk factors that are related to higher breast cancer risk, including earlier age at menarche, later age at first birth, nulliparity or fewer children, and later age at menopause (12, 13, 20) . Additionally, higher physical activity has been associated with higher SES (45) , whereas shorter duration of breast-feeding, increased HT use, higher caloric intake, increased alcohol consumption, sedentary lifestyle, and larger body mass have been associated with higher acculturation (12, 13, 20) .
The present study may be subject to some limitations. The imputation of immigrant status based on SSN, although an improvement over random assignment, is subject to some error. Given the similar sensitivity and specificity of the method, however, it is likely that misclassification as foreign-born was balanced with misclassification as U.S.-born to produce accurate case counts overall for incidence rate calculations. The effect on overall case counts within groups defined by nativity is likely small, given that nativity was only imputed for 30% of cancer cases, and prior research showed high accuracy for cancer registry birthplace data (21, 22) . Due to the sensitive nature of immigration status, it is also possible that undocumented immigrants may report being U.S.-born rather than foreign-born; however, this would likely affect both our numerator and denominator, thus minimizing the effect of misclassification of nativity. Although only 2.4% of Hispanics in our study had missing or invalid SSNs, it is possible that some undocumented immigrants used false SSNs, as 2.8 million undocumented/ illegal immigrants were estimated in California in 2006 (90% of these undocumented immigrants were from Latin America, with 65% from Mexico alone; ref. 46 ). Due to the increasing population of undocumented immigrants, the Social Security Administration has been identifying mismatched SSNs; in 2008, they found 4% of reports to be mismatched (47) . If false SSNs systematically classified foreign-born Hispanics as U.S.-born, the incidence differences between foreign-born and U.S.-born women observed here would be underestimated.
Our population estimates for Hispanics by nativity may also be subject to error, particularly for specific age-groups, which may have biased overall or ageadjusted incidence rates. Although we relied on U.S. Census data, the most definitive source of data for estimating populations, all population counts stratified by nativity are based on a sample of the population. To determine whether the assumptions underlying the methods we used for estimating annual populations were accurate, we compared our 2004 population estimates with those from the 2005 American Community Survey, a 2.3% stratified sample of the California population (48) , and found a 1.0% and 2.3% difference between the population estimates for U.S.-and foreign-born Hispanics, respectively. Lastly, the incidence in foreign-born Hispanics could be underestimated if immigrants returned home for medical care and their cancers were diagnosed in another country.
Our cancer registry data on Hispanic ethnicity data may also be subject to misclassification. However, several studies have shown registry classification of Hispanic ethnicity to be good (∼80% sensitivity and positive predictive values; refs. 22, 49) . Our use of the NHIA allows us to improve the identification of Hispanics (24), a group typically undercounted. In a recent study of breast cancer patients in the Los Angeles region, Hispanic classification using the NHIA algorithm, compared with self-report, had 97.7% sensitivity and 90.7% specificity (50) . Although Hispanics are heterogeneous with regard to country of origin and cancer incidence rates have been found to vary for national subpopulations (11), we were not able to consider incidence trends in subpopulations because 56.8% Hispanics in our study did not have information on ancestry of origin. Our findings largely reflect the experience of Hispanics of Mexican descent, who comprise 77% of California's Hispanic population (1). Indeed, our incidence rates (1999-2001) in foreign-born Hispanics (70.2/100,000; 95% CI, 67.9-72.6) were similar to rates from Pinheiro et al. (11) in primarily firstgeneration/foreign-born Mexicans (71.9/100,000; 95% CI, 53.1-95.2).
Our findings of consistently lower incidence rates of invasive breast cancer among foreign-born than U.S.-born Hispanics suggest that nativity is a measure of acculturation that captures population distributions of breast cancer risk factors, and is important for assessing population-based patterns and trends in breast cancer incidence. In addition, our finding that foreign-born Hispanics were more likely to be diagnosed with laterstage disease than U.S.-born Hispanics suggests that measures of acculturation and SES also likely affect health care access and utilization of medical care. Future studies should examine not only individual-level measures of breast cancer risk factors and how they change with acculturation but also individual-and neighborhood-level socioeconomic and cultural influences on health behaviors, health care access, and utilization of medical care. A better understanding of breast cancer incidence rate variations in U.S.-and foreign-born Hispanic women will help identify modifiable risk factors relevant to breast cancer prevention in all women.
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